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ca.. _nters r;utlneiy arc ::re and distribute }argo databases of high quality and w=th

,-ig. : Js oocunentation bu_, _o meet the needs of global studies elfoctive!y a=_d efficiently,

de,, c=.r.ters T_ust go be,lo.-_d these traditional roles. Global sr¢_d;es ot environmental

cna,;gL _.juir_ :ntegratcci databases of multiple data types that are accurately coordinated

in t." "_s _f Sl_'ial temporal and thematic proper(lee. Such datasets must be designed and

dev_,ooeo io _:_ly by sc=entific researchers, computer specialists, and policy analysts. The

presenteti'_q focuses on our approach for organizing data from ground-based research
programs so that the data can be linked with remotely sensed data and other map data

into integrated databases w=th spatial, temporal, and thematic c,haracter=stics relevant to
global studies. The development of an ;nteg;ated database for Net Primary Productivity

tNPP) i._ descrtbed to ,llustrate the process•

DAACs •

The United States Govern _,-=t has initiated the U.S. Global Change Research Program to

Cevc,,o_ a predictive unclE.-;(ending of the glo0al environment. A p=votal part of the

prc'" _s ,;,., h,!ationa= ,¢ ronaut:cs and Space Administrat=on's (NASA) Mission to Planet

• wit._ H-_::Earth Ob.¢ ,ring System (EOS). The. NASA Earth Observing System 3ate
. _d , "*'_,; _:t(_r -tster_ '_SD}S) manages data from satellites and field measurement

pleura,,%,: c_3b_ _ _5 cotr_osod of nine 13istributod Act:re Archive Can'.ere _DAACs) that

prnwd_, d__z_ ;,. the gl_b_ ;hange research community, pollcy makers, educatc_s, and
irter -.:eo _, mb-:s of the " ,01ic. Each OAAC focuses on an Earth science discipline and

scm_ ,:,izes in one or severs types of data and data products, which are often assoc=ateo

wioD .... =f, .P _A flicht m=ssions• Tt_e DAACs became operational in July 1994 to form

. _,r,_.i,.'al!y c ,tributed archive a_d distribution system (inked through a system-wide

imP_r _ cn m _ement system.

C _Yl. D_AC

,he ,i ,-ion of the Oak Ridge National Lal_cratory (ORNL} DAAC is to archive and

distn'J_Jte data pertain+n 0 to the Earth's b+ogeocl',em_cal dynamics, spec=t(cally data

uccluired from ground-based measurements ef t._e_egical and _hemic_l interactions amor_g
the eiemonts that ,;oml3rise the Earth system.

Research sponsored bv the ,_JationalA6ronaut=c _. a=_c=Soacg _..u,,,.,._t_auon under Inter-_oencv

Agreement DOE f'Jo, 2013-FO44-A1 und(_r Mart=n Mar=ella I-no_gy System, Inc.., co_=lract gE-AC05.
84OR2140U witP, the US, Cepartrnent of Energy.
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The ORNL DAAC provides (1) an information mana0ement system that is integra!ly linked

to the ot,_er DAACs, (2} a data archive and distribution system, (3) a user services

function, (4) value-added products that summar=ze and synthesize biogeochemical

_yn_m_cs data from around the globe, and [5) the capability to provide guidance and

_,:_,_o: for data management, data quality assurance, and data integration for field

exp.,,,,,_nts. Prep_,,mg data entails acquisit=on, qval=ty assurance, documentation, and

_rchivinq "o i_,oduce corr,_lete packages of data and metadata for distribution.

D6,a ,._v_.ilable through the ORNL DAAC include data from ground-ba-,_d, NASA-funded
Dr:_je _:: "_,swell as data ge_erated by other agencies in the United States and (:ther

c<_:_.';_ C_.'rent an_ future holdings include data from the First ISLSCP Field Exper=ment

(_ :;J, _ Oregon Transect Ecosystem Research (OTTER) Project, the Boreal

Ecosv_,t . Atmosphere _tudy (E_OREAS), and the Carbon Dioxide information Analysis

_,cr,_., _ _:IAC). The F=FE project ccllecteg data to understand the biophysical processes

c_n, "_ ,;he exchanges of radiation, moisture, and carbon dioxide between the land

_,J,::_.... ,_d the atmosphP.re; to develop and test remote-sensing methodologies for

r._,,,, ,,, .3 these processe_ a't a pixel level; and to hell) understand how to scale the pixel

._ _,! ,,,. '_',,_tion to regional scales commensurate with the modeling of global processes.

T_',e (i_" L'_ project estimated major fluxes of carbon, nitrogen, and water in forest
._cosy_,_ ',_.: using an ecosystem-process model c_riven by remotely sensed data. The

_ORE,L._ _. _ject investigates the interactions between the boreal forest biome and the

.,,'_o:,p_,e_e. CDIAC prov=des access to =nformat,on related to atmospher=c trace-gas

c_:, ;_,r._r_tions and global clirnete change. The preponderance of the CDIAC data deal
with hi,,:,torie and atmosoheric carbon dioxide and methane concentrations and historic

weather ac,d climate rein:rags from throughout the wcr!d.

Integrated Databases

Enwronmental data are collected by a vat=ely of agcncces and (_rganizations for specific
mission-oriented requirements. To be useful for asses._in o global environmental i._sues, it ;s

necessary to assemble and organize selected da_,a into integrated databases. Scientists

use integrated data to study across systems, parameter,zo model._, vordy model out0ut,

and conduct regional assessments. Decision makers require ready acce._s to into(marion

on a variety of topics to develop policy and often d_ not have .th9 time to wait for the
comolet=on of definitive scientific studies. Educators need easy access to informal=on for

teaching. To meet these user needs, the ORNL CAAC goes beyond the traditional data
center tu_u to design and compile integrated databases that meet the needs of these users.

;ntegr_.ted databases are packaged datasets with an organizing framework; that is. each
component d_t_set conforms to a commor_ set of chara_:te_istics, includ;r_g:

*Spatial - both ext_nt of coverag_ (e.g.. Europe} and resolution (e.g., countries or
common o_xcl sizet,

.Temporal - both extent r)f time period (e.g., lggOs) and resolution (e.g., annual

averages or totals), and

.Thematic - general level of detad (e.g., =t land cover =s c!assffled into o few major

woes t_en soils wo,_d be aggregated to major categories}.



Defining the framework involves working with the data user commu,.ty to incorporate

the;r needs for the integrated database. The ;terative design process must often reflect

diverse user needs, unknown future needs, and data availability. Although the design and

resu{ting database may riot meet all usrrs' needs, it usually w_ll provide users with an
initial data resource that can be expanded for more specific needs.

Integrated databases usually reside in a single database management system with tools for

retrieval, report generation, analysis, display, geographic information systems (GIS), and
export functions. Metadata document the source of each data component, descr=be the

data collection and processing, and define data characteristics. Compiling the integrated

database may require an extensive effort for each component, including acquiring data,

reformatting, performing CLA checks, converting to common units of measure, assigning

common code values, resolving problems with the data g_=,_.erator, aggregating _r
e.xtrapolating data to comn_on spatial and temporal units, and documenting sources of data

and processing isee Carter anc_ Diamondstone 1990). The processing and I_aCkaging of

the data add value to the original component data sets in terms of consistency,

cornpletenes,_ documentation, and availability for secon(_ary use of the data.

NPP Database

Data on spatial patterns of terrestrial net primary production (NPP) and on rates of carbon

accumulation are essential for a fuller understanding of the potential extent and iml3atts of
global changes. NPP is the amount of organic matter synthesized tear unit of area of the

Earth's surface per unit of time. The spatial pattern of mean NPP varies greatly ovPr the

Earth from 0 g dry mass/m = per year in ext,eme deserts to 3000 g dry masslm 2 per year in

swamps and marshes. Uncertainty in the current estimates of carbon storage in the

Earth's vegetation and soils may account for the carbon that currently is unaccounted for
in the global carbon budget.

Potent=el uses of a NPP database are the cahbration and validation of remotely sensed

p_,terns and model predictions of terreRtrial productivity associated with global change.
Successful remote sensing ef terrestrial carbon dynamics re(luires the development of

methodologies and models that relate the spec:ral properties of plant canopies to
ecosystem processes like NPP. Ground-based measurements of NPP are essential for

meeting the challenge of scaling up from smail ecosystem studies to large regional scales.

To meet these needs, the ORNL DAAC is working with several groul3s to design and

develop an integrated NPP databa¢_e, inc, lud;no the ORNL DAAC User Worklng Group and

modelers participating in the !994 Model Inter-Comparison WorKshop for Global Terrestrial

_et Primary Produc;sv=ty. A major recommendat¢on from that workshop was to develop
common datasets to parameterize the global models.

The KPP database will im'ov=c_e in situ measurements from terrestr=al ecosystems tar

merging with remote sensing measurements from aircraft a_d _atellite platforms. Fnr

example, the Pathfinder Advanced Very High Resolution Radiometer (AVHRR) Land Data

Set at Goddard Space Flight Center contains NDVI (normalized difference vegetation indexl
data from satellites. A recent study used a parametric approach to combine estimates of

canopy ab._()rption eff;c;ency of incoming _olar radiation from NDVI data with e_timetes of

conversion efficiency to calculate the produc',ton cf organic matter _Ruimy eta!. 1994).

The ost=mates of conversion efficienc=e._ for broad b=omes wore obtained from the



!itereture.Althoughthe modeled fest_lt._ genere!iy agreed with pfeviou_ estimates of NPP,

significant differences appeared in the s_atial patterns. The authors identify the lack of

evadable d,_ta as one source of uncertainty =n their rcsults. In recogmti0n of the need for
this type of data, the International Union of Forest Research Organizations (IUFRO) has

initiated _, internafiona_ ccoperative project t_ coordinate data formats of studies of woody

plant oroductivity.

The NPP database will be compiled from the scientific literature and frcm regional thematic

maps. Inforn_ation in t,_e database w,=l include (when evadable tram published sources) the

following: physical location, time of st.udy, elevation, annual wecipita_.ion, plant

ccmmunity woe. biome, country or pHitical division, principal investigator or author,

reference or pub=ication, plant biOr'..,dSS, I'JPP, associated measurements (e.g., leaf-area

index, solar ,adiation, plant nitrogen), soil type. and fundin9 agency. Distinctions will be

made between aboveground, belowground, and total plant carbon stores. The initial

emphasis will be on acquiring aata from major terrestrial biomes from published

compilations such as Cannell (1982} and DeAngelis et el. (1981).

The NPP database w,=l be available from the ORNL DAAC. Scientists needing data se_s for

global anelySiSo methods development, or simulat;on m(_deling _re encouraged to make fLdl

use of resources available from the DAAC. In addition to data that are being gathered for

specific EOSDIS goals, environmental scientists atso have an opportunity to archive their
data in the ORNL DAAC The staff at the ORNL DAAC will work with scientists entering

da;a anct metadata into the system. Contributors witl 0e ackr_owledged as data base

"authors." Individuals wishing to contnOute data or :o !earn me.re about the data center

can inquire by e-rnail at ornldaac@ornlg_v, by phone _t 615-241-3952, o_ by FAX at
615-574-4665.
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